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Annomauua: Ha ocnoeanuu ucciedoeanutl xapakmepa u3HOCa uHCmpymMeHma OA XOMOOHOU 
wmamno6Ku ycmaHosleHa Yyelecoobdpa3sHocmb npuMeHeHUuA mepmMUYecKOU OOpabomKU 3aKaIKOU C 
npomescymounbim omnycKkom. JanHaa o6pabomka noébiuiaem cmoukocmb Wmamno6ozo0 UncCmMpymMenma 
6 2-3 pasa. 


Kiuouespie cioea: mepmuueckaa obpabomKa, méeepdocmb, nNAOMHOCMb OucAOKaYyUU, NPOMeIHCYMOYHDbIU 
OMNYCK, HU3KONEZUPOBAHHAA CMALNb. 


Bgegenne. IIpu xonoqHoi wrammoskKe padounii HHCTPyMeHT (UITAMII) MCIIbITbIBAeT OUCHb BbICOKHE 
KOHTAaKTHbie HarpsKeHHA (3+5 KIla) [1], MosTOMy MaTepHasIbl, H3 KOTOPbIX H3FOTOBJIAIOT ITAMIIBI, 
OIDKHbI OOaLaTb OMpeyeIeHHbIMU (PU3H4eCKHMU CBOMCTBaMH, XapakKTepH3yeMble KOMIMICKCaM TaKHXx 
oKa3aTesleH, KaK TBEPJOCTh, BA3KOCTS, IIpezem mpounoctu [1]. 


TouIbKO BbICOKad TBEPAOCTb MaTepHasia He OOecteuMBaeT TpeOyeMbIi pecypc MHCTPyMeHTa, TaK KaK 
MaTepHall, HallpHMep, C HH3KOM BA3KOCTbIO CKJIOHCH K XpylIKOMy pa3pylwieHn1o. DpdexTuBHad padota 
WHCTpyMeHta oOectieuMBaeTCA CO4eTaHHeM BBICOKOM TBeEPAOCTH, OCTaTOUHOM BA3KOCTBIO HU 
IIPOUHOCTBIO. 


Hu3kuii otryck cram (150+200 °C) nocie 3aKaku Ha MapTeHCHT IIpHBOAUT K HeEOOJbINOMY CHWKEHHIO 
TBepyocTHu (40 HRC = 60) matepuasia, HO Ip 9TOM MOBBIMAeT CTO BASKOCTB. 


JI1a BbIpyOHbIX IITAMIMOB UCIIOUb3yIOT yrIepoOwMcTbIe cTawH c HeOoNbINOM MpoKasMBaeMOCTbIO, 
YMerolle HeEBbICOKy10 TBepocTb (HRC = 58+60), HO WOcTaTOUHYt0 WIA JaHHBIX OlepallHit BA3KOCTB. 


AuHaIw3 WTaMMOBOrO WHCTpyMeHTa Ha mpesupuatun AO «Y3MeTKOMOHHaT» ToOKa3all, 4YTO WA 
W3POTOBJICHHA MHCTPYMeHTa JIA XOJOQHOM WITaMMOBKH WHpOKO Ucroub3yroT ctamM Y8, Y8A, Y10, 
YIOA, 9XC u X12M, B HeKOTOpbIX CiLy4atxX MPMMeHAIOT BCTABKH M3 TBepyoro ciiaBa. JlaHHbIit 
WHCTPyMeHT IIpHMeHAIOT Ha OllepallHaX TpOOHBKH, BbIPyOKH, OTpe3KH HM XOJOAHOM BbIcayKH. AHalIH3 
OTpaOoTaBLero MHCTPyMeHTa MOKa3all, YTO ErO pecypc B OCHOBHOM oOlIpesesAeT Mpollecc H3HalMBaHHA. 
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OyHakO MMeeT MECTO H Xpylikoe pa3pyllieHHe, OOycIOBJICHHOe He TOJbKO HETOUHOM WeHTPOBKOH, a u 
HeJOCTaTOYHOU BAZSKOCTbIO MaTepHasia. 


Matepuabi HM MeTOJIbI HCCJIeEIOBaHHe 


ItramnosBblit HHCTpyMeHT H3rOTOBIAIOT M3 YIIEpOAMCTOM CTAaIM, KOTOPY!O 3aKaJIAHOT, HarpeBasd Ha 30+50 
°C Bblilie KpHTw4eckoH Temiepatypbl Ac}, c OTHyCKOM pH Temmeparypax T, = 180+200 °C, 4ro 
MOBbIMAeT H3HOCOCTOHKOCTb HW MpOuHOCTb HHCTpyMenHta [2]. OnHaKO MHOrya 9TOrO HeyocTaToYHO [3], 
TOSTOMY UPHMeHAIOT pa3JIM4HBIX CIOCOObI JOMOJHHTeIbHOrO YIpOUHeHHA: XHMHKO-TepMH4YeCKyIO 
oOpaboTky, sa3epHyto [4], YTO CoMmpsKeHO CO 3HaYHTEJIBHbIMH 3aTpaTaMn. 


HanOonee sekTuBHbI MeTO yIpO4HeHHA OCHOBAaH Ha HCHOIb30BaHHH HeCTAaHapTHbIX perxKHMMOB 
TepMuyeckoH oOpadoTKn [5, 6], MOBbIMaoljMe pees TekyyecTH cTalw B pe3yibTaTe 9ddexta 
CIpyKTypHoro HacsieqOBaHHA, IIpH KOTOPOM B MaTepHalie co3faeTCA MaKCHMaJibHad jjed)eKTHOCTB 
KpucTasM4eckon pemerKu [6-8]. 


UccneqoBpaHua 3aBHCHMOCTeH MexKy WapaMeTpaMH CTpyKTypbl CTaIM WM ee M3HOCOCTOMKOCTbIO 
TOKa3asIM, 4YTO SKCIULyaTaWMOHHbIe CBOMCTBa CTaJIM BO MHOFOM OIIpeesIMIOTCA TOHKOM CTpyKTypoli 
mMatepnana [9]. Tlosromy pu  onTHMy3alMH TepMuyecKOH oOpadoTKH MCTIOsb30BalIN 
PCHTTeHOCTpyKTYpHbI HU MeTasWIorpaduyecknii aHaM3bl. Jia 9TUX Welle UCcueqOBaIM IBTEKTOHHY!O 
yruepoguctyto crab Y8 ((OCT 8559-75) npompiisieHHOM BbITIaBKH, KOTOpad WIMpOKO UCIOuIb3yeTCA 
IIpH MpOw3BOACTBe HHCTpyMeHTAa JIA XOJIOQHOM WITAMMOBKH. 


UroObl coxpaHHTb MeJIKOe 3epHO B CTpyKType MIpH OKOHYAaTeIbHOM TepMuyecKOi OOpaboTKe u 
HCKJIIOYNTb OTIYCK, CTaIb HarpeBasIM B COJIAHBIX BAHHAX, a 3aKaJIKy OCYLICCTBIIAIM B CCJIMTPOBOM BaHHe 
lp Temuepatype 180 °C. 


OOpa3lbI HarpeBasIM JO pa3sHBIx TemMepatyp 73, = 820; 900; 1000; 1100; 1150; 1200; 1260 °C; Bpema 
HarpeBaHHua coctaBiaio 5 MuH. Jia oOpa30BaHHA MapTeHCHTHOM CTpyKTypbI Mocue WepBol 3akasIKH 
oOpa3lbl Ox1axK Las B BOJe, a 3ATeM B MaCcIre. 


3akasJIeHHble OOpa3iibl MOABeprasiu MpOMexKyTOUHOMY OTITycKy MpH TeMilepatypax Ty.or= 200; 300; 350; 
450 °C. OOpa3ubI HarpeBasIM B CONAHOM BaHHe JO Temiepatyppl 820 °C u BEIepxKUBaIM B TedeHHe 5 
Muu. [Ip oxiaxqeHuu oOpa3loB 10 TpaHulaM 3epHa ayCTeHHTa BbIeAIacb CeTKa TPOOCTHTA. 


V3 MOmy4eHHEIX OOpa3lOB H3TOTOBIAIN WWIM@bI TpaBeHuem: B 4 %-OM pacTBOpe a30THOM KHCJIOTEI B 
9THJIOBOM CIIMpTe, HaCbILCHHbIM paCTBOPOM HHKpaHOBO KHCIOTHI B ITHJIOBOM CIIMpTe, HaCbIL[eCHHbIM 
pacTBOpOM HHKpaHOBOli KHCIOTBI Cc WOOaBKaMM MOTIONIMX BellecTB. BemmunuHy 3epHa aycTeHuta 
onpegxenamu 10 LOCT 5639-65. 


MetasmorpaduyeckHi aHasIM3 BbIMOJHAIM Ha MuKpockorle MMM-8M [10], a pextresocrpyKTypHBIit 
aHalM3 — Ha Zud@paxtometpe JIPOH-2.0 [11]. Uccneqospamu ToHKyto cTpykKTypy cTalIu, T. e. IJIOTHOCTb 
JMCHOKaWMH, KOJIMYECTBO OCTaTOUHOrO ayCTeHHTa, WepHO KpHCTasWIMYeCKONM pelleTKH, KOJIM4YeECTBO 
yruepoya B (ba3ax 3aKameHHOl ctramu. [[pokamupaemoctsb ctamM onmpenenamm mo TOCT 5657-69 Ha 
yCTaHOBKe TOpLeBon 3aKaIKH [12]. 


OcHOBHBEIe pe3y.1IbTaTbI 


Ha puc. | npexcTaBseHbl 3aBMCHMOCTH H3MeCHeHHA CpeHero JjMaMetpa d,, 3epHa ayCTeHUTa B CTamM Y8 
Tlocue TepMuyecKol OOpaboTKH OT TemMMepaTypbI 73; UpeqBapuTebHOM 3aKaIKH. YcTaHOBJIeHO, 4TO 
BeIM4MHA 3epHa ayCTeHHTa B OOpa3zllax, MpomenuwHx OOpaooTkKy, Ha 1—2 Oasa MesbYe 110 CpaBHeHHIO C 
3epHaMH B MeTaJiIe Moce MedHOro HarpeBaHHaA. 
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Puce. 1. 3aBucHMOcTH H3MeHeHHA CpeqHero AMaMetTpa d.p AYCTeHMTHOTO 3epHa B cTaM Y8 noce 
TepMuueckon OOpaboTKH OT TeMiepatypbi 7 npesABapuTesIbHOM 3aKaJ1KH 6e3 OTNycKa (J) 4 npH 
Tror = 200 (2); 300 (3); 350 (4); 450 °C 6) 


Kpome Toro, lepBaa 3aKasika mocile HarpepaHua oOpa3ia Wo 1100 °C o6ecneunpaeT ZonomHNTeIbHOe 
YMeHbilleHHe 3epHa Ha 1—2 Oama. ONTHMaJIbHbIe TeMMepaTypbl MPOMeExYTOYHOTO OTHycka Ty or = 200; 
350 u 450 °C, on obecteunBatloT CTaOMJIbHOCTb 3epHa ayCTeHUTa Ip TeMIlepaTypax MepBoi 3akasIKH 
T;; = 1100+1150 °C. Ileppas 3akanka W BbICOKHe TeMIIepaTypbI CIIOCOOCTBYIOT PocTy 3epHa ayCTeHUTAa UH 
uri MapTeHcnta (70 | Oana mpu T;) = 1260 °C). 


Bropas 3akasika upu Ty. = 820 °C nocne mpoMexyTouHoro oTiycka pH Ty.or = 450 °C o6ecneunBaet 
TOyaeHHe MeKOHTONbYAaTOrO MapTeHcuta. IIpuuem HanOosiee MesIKHM MapTeHCHT MouyyaroT upH 73; = 
1100 °C. IIpu sToM HepacTBopHBIIMxca YaCTHI, WeMeHTa He OOHapyxKeHO, 4YTO yKa3bIBaeT Ha TOJIHBIM 
Tlepexoy yruepoya B TBepAbIi pacTBop. 


TakuM oOpa30M, JJId MOJyYeHHA MMHMMaIbHOrTO pa3Mepa 3epHa ayCTeHHTa IpeMOUTHTeJIbHEIM 
ABIIACTCA IpeTBapUTebHad 3aKasiKa npH 73; = 1100 °C uw npoMexyTouHb oTHycK pH Tyor = 200; 350 u 
450 °C. 


Pe3yibTaTbl PEeHTTeHOBCKHX UCCIeOBaHHH NpuBeeHbI Ha puc. 2. YcTaHOBJICHO yBeIMYeHHe IJIOTHOCTH 
WMcHOKayHu pH MWpexBapuTesbHOM 3aKaIKe c Temmepatyp 1100+1200 °C. Han6Oonee ycroitunsste 
pe3yJIbTaTbI B 9TOM HHTepBayle TeMMepaTyp MWoKa3aIM OOpa3ilbl, MpoweyuMe Mocie mepBoi 3aKasIKH 
TIpOMexKYTOYHEI oTHycCK pH Thor = 450 °C. OntumanbHad tTemmepatypa HarpeBaHua mpu 
lIpeqBaputesbHon 3akaKe 73; = 1100+1150 °C, tak kak oHa OOecreduBaeT pacTBOpeHue TyrOrIaBKHXx 
lipuMeceii: HATPHAOB, OKCHOB, OKCHCYIbPUAOB. XUMMYECKAA OJHOPOHOCTh B AYCTeCHHTe MIPHBOAUT 
IIpH 3akaike K poOmeHuIO OOKOB HM TOBbIMICHHIO MMKpoHalipsKeHui. JlambHeiitiee MOBbIMeHHe 
TeMIlepaTypbI COMpoBoxAaeTcA TOMOreHu3alMel aycTeHuTa, a IIpH 3aKasIKe IJIOTHOCTb je@eKTOB 
KpHcTasWIM4ecKOH pelieTKU (:ba3bl YMeCHbIUAcTCA. 


PactBopeHve TIpHMecHBIX ()a3 TIpH BbICOKOM TeMilepaType oOecrieunBaeT UX MUKcaMIO B TBepOM 
pactBope mocye 3akaku. [Ip 3TOM aTOMBI IIpHMecei MepexoZAT Ha TMCMOKAMMH UM 3aKPeIIAIOT HX. 


Takum oOpa30M, B OTIM4Me OT TpesCTaBIeHHbIX B padote [13] MaHHbIx ObIO ycTaHOBJIeHO, 4TO 
MaKCHMasIbHad JjePeKTHOCTh KPHCTasWIM4ecKoroO cTpoeHHa (IPH MpHHATOM TexHONOrMH TepMu4deckKoit 
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oOpadoTKH) MIpHxO{MTcA Ha Te #*Ke TeMIepaTypbl, pH KOTOPbIX OHA HaOIO Malach IPH MepBoi 3aKasIKe. 
CmeljeHuad MaKCHMyMa jie:beKTHOCTH KPHCTasWIM4eCKOrO CTpOeHHA B 30HY OosIee BbICOKUX TeMIIepaTyp 
He HaOmrogaetTca. CrleqoBaTesIbHO, C TO3HUMi MaKCHMaJIbHOrO TIOBbIMeCHHA COMPOTHBIICHHA CTasIM 
TylacTHuecKOMy esopMupoBaHHIO TPH TpeHHH ONTHMaJIbHBIMH TeMIlepaTypaMu lpeyBapuTebHOL 
3aKaJIKH ABIAFOTCA 73; = 1100+1150 °C, a qua mpoMexyTouHoro oTIyckKa Ty.or= 200 u 450 °C. 


p, 10''om 


22 


1,8 


1,4 


1,0 


0,6 
9 10 11 i? “F106 % 


Puc. 2. 3aBHCHMOCTH H3MeHeHHe ILIOTHOCTH p AMCOKanni B cram Y8 oT Temnepatyppi T 
Iipe{BapuTesbHOH 3aKaJIKH HW OTIycKa pH T, = 200 °C, 6e3 ornycka (1) 4 mpH Ty.or = 200 (2); 300 
(3); 350 (4); 450 °C (5) 


Ilockombky OJyMapTeHCHTHad 30Ha B IIpHCyTCTBHH oOcTaTOUHOrTO aycTeHHTa pH OobMoi 
JMCIEpCHOCTH CTPyKTypbl He ABJIAeTCAH TIpeeIOM TpOKaIMBaeMOCTH MHCTPyMeCHTAJIbHBIX cTaliei, 
TIpOKaJIMBaeMOCTh OMpeesAJIM MO TOUMWIMHE 3aKaJIeHHOrO CJIOA C MapTeCHCHTHOM CTPyKTypoH, T. e. 10 
TouMMHe cod c TBepfoctb1o HRC = 60. IpeaBaputenbuaa 3akaKa oOpa3ljoB He3aBHCHMO OT 
TeMIlepaTypbI MepBoro HarpeBaHHA He BHOCHT CYLICCTBCHHBIX H3MCHECHHH B WpOKasIMBaeMOCTh cTau Y8 
IIpH IOBTOpHOM 3akaKe. Pe3ylbTaTbl MOKa3aJIM, 4YTO IpOKasIMBaeCMOCTb TIO MapTeHCHTHOHM 30He 
COCTaBJIAeT ~ 3 MM, UTO COOTBETCTBYCT PeaIBHOMy KpHTHYecKOMy JMametTpy (10 MM) pH oxaxKeHHH B 
Bose. 


Uccneyosanua [6, 9, 13] noKa3amM, YTO eCTh IpAMad CBA3b Me%KY H3HOCOCTOMKOCTbIO H COCTOAHHeM 
TOHKOM CTpyKTypbl. 


YuMTbIBad, YTO WIOTHOCTh AMCOKalMM Masio U3MeHAeTCA pH Ts; = 1100+1150 °C, Obmi0 pemeHo 
PeKOMeHOBaTH JIA TePMHYeCKON OOPaOOTKM HMECHHO ITOT MHTepBall TeMIeparyp. 
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IIpomexytounpiit oTmyckK mp Tyor = 450 °C HanOonee mpeamouTuteseH, Tak KakK oOecrieuHBaeT He 
TOJIbKO CTaOMJIM3alHIO JMCIOKaWMOHHOM CTpyKTypbl, HO B OouIbuIeH cTeleHH CHWKaeT BHYTpeHHue 
HallpsKeHHA OCC MepBOM 3aKaIKH. 


Jlia OWeCHKH BJIMAHHA 3aKaJIKH C TPOMe%KYTOUHBIM OTITyCKOM Ha Je:bopMallHio WHCTpyMeHTa B 
IIPOM3BOJCTBCHHBIX YCJIOBHAX HHCTPYMCHT H3MepsAIN BO HW Wocse TepMu4ecKON OOpaooTKH. 


Baud W3rOTOBJICHbI MaTpHUbI WpocewHoro uHcTpyMenta LIMC-12709 (AO «Y3metTKomMOuHaT») 1A 
OTBEPCTHA C WHaMeTpomM 6 MM. JlollycK Ha WHaMeTp ONpereAIM MO MocHeqHeH ONepalluu — pa3sBeprKe 
oTsepctua. IlyaHcoubi WpoceyHoro HHCTpyMeHtTa LIMC-12709 usrorosumm c IpuitycKoM m0 WwametTpy 
TIO, OKOHYATCIIBHYIO WWIM@OBKy. 


Ilocne TepMooOpaOoTKH H3MeHeHHe MaMetpa yaHcoHa He TpesBbriuao 0,02 MM, u3MeHeHHe WHamMetpa 
MaTPHUbI CcocTaBHsIo He Gostee 0,08 MM, 4TO He MpeBbIMaeT JOMyCTUMbIe rTpaHHub! AepopMalnu mpu 
OMHapHo TepMu4ecKkoi OOpadorKe (HarpeBaHue Ha 30+50 °C Bare KpuTM4eCKO TemMepatypsI Acj, C 
OTIIYCKOM IIpH Temilepatype 7) = 180+200 °C). 


CrovikocTb oOpaOoTaHHbIxX B CTaHJapTHOM pexKHMe LWITaMMoB coctTaBliaia 6+10 TIC. WITaMMOBOK. 
CrovikocTw tpoceyHoro WHCTpyMeHTa, OOpadoTaHHoro 3aKkasIKOM C [pPeMexKeTOUHBIM OTITYCKOM, 
cocTaBHsiM: 27+34 TIC. WITaMMOBOK JIA MaTpHLUbI c TBepyocTEIO HRC = 6062, 16+30 TpIc. WTamMMmoBoK 
Jia MaTpuubl c HRC = 58+60. 


BpiBogbl. CrToikKocTb WHCTpyMeHTa 3 HWHCTPyMCHTAaJIbHBIX CTasieii, OOpadoTaHHbIx 3aKaJIKOl Cc 
IIPOME%KYTOUHBIM OTIYCKOM, B 2-3 pa3a BBbIMUe CTOMKOCTH cTasleH, Upowleqwux cTaHdapTHyto 
TepMooOpaoorky. 
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